Previous studies on taste acceptance have been conducted taste-by-taste and with a cross-sectional design. The aim of this study was to longitudinally evaluate the acceptance of sweet, salty, bitter, sour and umami solutions, and a fat emulsion comparatively in a birth cohort from 3 to 20 months old. The acceptance of each taste relative to water was defined using proportional variables that are based on ingestion (IR) or liking evaluated by the experimenter (LR). These data were analyzed with mixed models that accounted for age and subject effects (minimum 152 observations/age/ taste; maximum 216). For saltiness, acceptance increased sharply between 3 and 12 months old. The trajectories of acceptance were parallel for sweetness, sourness, and the umami tastes between 3 and 20 months old, with sweetness being preferred. Between 12 and 20 months old, the acceptance of all tastes, except bitterness, decreased, and at 20 months old, only sweetness was not rejected. The acceptance of bitterness remained stable. For the fat emulsion, acceptance evolved from indifference to rejection. The acceptance of saltiness and umami tastes were lower in girls than boys at 20 months old. The acceptance of the fat emulsion was higher in infants who were born heavier and taller. At 20 months old, the fat emulsion acceptance was higher in infants who were born from mothers with a higher prepregnancy body mass index. Finally, the taste differential reactivity (the standard deviation of the IRs) significantly increased from 3 to 20 months old.
Introduction
Taste is a major sensory property of foods. In 6-to 9-year-old girls, a preference for both fat and sweet tastes was related to a higher probability of being overweight (Lanfer et al. 2012) . The fight against overweightness is as important as ever because 41 million children are overweight worldwide (UNICEF et al. 2015) , and early eating behaviors are maintained until adulthood (Nicklaus and Remy 2013) . Thus, the understanding of how primary tastes are accepted in early infancy as a potential factor that underlies food intake and eating behavior in childhood and beyond is important (Schwartz, Scholtens, et al. 2011) .
Taste acceptance ontogeny has received attention from researchers across species, within humans and across tastes for many decades. From an evolutionary perspective, the human predisposition to like sweetness but to reject bitter taste is linked to the coevolution of primates and to the angiosperm species and the occurrence of toxic compounds, such as alkaloids or tannins, in plants (Hladik et al. 2002 (Hladik et al. , 2003 . In neonates, the well-known experiment that was conducted by Steiner (1979) corroborated this evolutionary hypothesis as follows: neonates react positively to sweet taste (as a signal of calories) from birth, whereas they strongly reject a bitter-tasting solution (as a signal of toxic foods) as exhibited by their facial expressions. Leshem (2009) theorized that the human attraction to saltiness is more related to a "salt appetite" than to a "sodium appetite."
To date, the most striking developmental change in taste acceptance that has been reported in the literature relates to the emergence of a preference for an aqueous solution of salt between 3 and 6 months old (Beauchamp et al. 1994; Schwartz et al. 2009b ). However, studies on infants older than 6 months old are rarer than studies on neonates and infants up to 6 months old because of methodological difficulties. Previous studies that address the question of the evolution of acceptance have been conducted taste-by-taste and/ or with cross-sectional groups of infants with very heterogeneous ages. However, the knowledge of the developmental trajectories of the acceptance of all primary tastes remains somewhat incomplete for the first 2 years of life. To date, only a single study has been conducted in the same group of infants to evaluate the taste acceptance of the 5 primary tastes at various ages between 3 and 12 months old with cross-sectional groups (Schwartz et al. 2009b) . A longitudinal follow-up over the first 2 years would provide invaluable information. Finally, over the last decade, fatty acids have been shown to be perceived through gustation in humans (Mattes 2009 ). In this line of research, fat taste was recently called the sixth taste or "oleogustus" (Running et al. 2015) . It is unknown how fat taste is perceived and accepted among human infants younger than 2 years. In contrast to sweet or bitter tastes, corn oil was not effective in calming crying neonates (Graillon et al. 1997) ; therefore, describing the reactions to fat taste in infants younger than 2 years is novel.
In this regard, the principal aim of this study was to longitudinally describe the acceptance of primary tastes in aqueous solutions (sweet, salty, bitter, sour, and umami) and a fat emulsion compared with water in the same group of infants at the ages of 3, 6, 12, and 20 months old. Moreover, this article aimed to study the relationships between infant characteristics, such as sex or birth weight, and taste acceptance as well as the relationships among several maternal characteristics, such as maternal prepregnancy body mass index (BMI), and infant taste acceptance.
Materials and methods
The full procedures have been described in detail in a previous paper that reported taste acceptance at 3, 6, and 12 months old with cross-sectional groups (Schwartz et al. 2009b ). The present report addresses the results from the entire cohort at all the studied ages with a longitudinal follow-up.
General design
The present study was part of a more comprehensive research program named Observatory of Food Preferences in Infants and Children (OPALINE) that was conducted in France (Dijon). The originality of this cohort program lies in its main objective to describe, with a sensory perspective, the etiology of food preferences and rejections between birth and the age of 2 years. The inclusion of subjects was conducted between 2005 and 2009 (and the present taste acceptance procedure was conducted between May 2006 and March 2011). In total, 312 mothers (319 infants) were enrolled on a voluntary basis during their last trimester of pregnancy and were followed until their child reached 2 years. The prerequisites to be enrolled were for mothers to be older than 18 years and for the infants to be in good health. The participating mothers were approached through maternity wards, pediatricians, nurses, and pharmacies. Among the measurements, the mothers' diet, the infants' diet (Lange et al. 2013 ), the parental style regarding feeding practices (Rigal et al. 2012) , the infants' hedonic responsiveness to food odors (Wagner et al. 2013) , and the infants' hedonic responsiveness to primary tastes (Schwartz et al. 2009b ) were evaluated at different ages that corresponded to important transitions in feeding. More precisely, taste acceptance was evaluated at 3 months old (when the diet is exclusively based on milk), 6 months old (around the initiation of complementary feeding), 12 months old (when table foods are introduced in the infant's diet), and 20 months old (before the emergence of neophobia). The evaluation of taste acceptance at 3 months old started later in the research program; thus, fewer data are available at 3 months old than at the other studied ages. For this study, the mentioned ages were calculated based on the original due date (which was forecasted by the obstetrician), not on the actual delivery date.
The methodology that was used complies with the Declaration of Helsinki and was approved by the local ethics committees (Comité Consultatif de Protection des Personnes dans la Recherche Biomédicale de Bourgogne-ID RCB 2007-A00808-45). Written informed consent was obtained from both parents prior to the first experimental session.
Stimuli
The primary taste solutions were made from mineral water (Evian; Danone Group, Paris, France) and food-grade or pharmacologicalgrade tastants (Jerafrance, Jeufosse, France). Table 1 summarizes the chosen molecules and concentrations. Attention was paid to generate intensities that were close to the intensities that an infant could encounter in food such as the intensity that is produced by the concentration of lactose in human milk (68 g/L) (Jensen 1995) not to engender stereotypical reactions. All the concentrations that were chosen are suprathreshold for adults (Mojet et al. 2001 (Mojet et al. , 2003 and may then also be considered suprathreshold for infants (Osepian 1958; Cowart 1981) . Similarly, the molecules were ecologically valid and could be found in food (i.e., lactose for sweetness, sodium chloride for saltiness, monosodium glutamate for umami taste, and citric acid for sour taste) or during uterine life (i.e., urea for bitterness). The solutions were prepared every second day (for citric acid and monosodium glutamate) or third day (for lactose, sodium chloride, and urea) and were kept refrigerated at +4 °C until they were used. The solutions were offered to the infants at room temperature. A mixture of half sunflower oil and half rapeseed oil in mineral water (Evian; Danone Group, Paris, France) at the concentration of 3.5% (w/v) was emulsified as the fat emulsion stimulus. Soy lecithin (Jerafrance, Jeufosse, France) was added at a concentration of 1% (w/v) to homogenize the emulsion. The stability of the fat emulsion was guaranteed by carefully blending the emulsion with an ultra turrax-type homogenizer (Ika, Staufen, Germany) (stem KV09/04, operating speed: 9500 rpm) for 20 min. The fat emulsion was then sonicated for 16 min (Misonix sonicator model 5-4000; QSonica LLC). The fat emulsion was prepared every second day and was kept refrigerated at +4 °C.
Subjects
As part of the OPALINE project, 285 healthy infants (133 girls; 152 boys) participated in the present study that focused on taste acceptance.
Procedure and variables
Taste acceptance procedure Table 2 summarizes the procedures that were applied to measure the taste acceptance of each primary taste and the fat emulsion. The method was adapted from previous studies (Beauchamp and Moran 1982; Beauchamp et al. 1986 ). At each age, parents (generally mothers) and their infant participated in 2 videotaped sessions. For each stimulus, 4 bottles (water, taste solution/fat emulsion, taste solution/ fat emulsion, and water) were presented by the experimenter, who was blind to the taste, for 45 s (1 bottle at a time) with a 15-s pause in between the bottles. The mother was blind to the bottle order and to the stimuli. At the age of 20 months, to adapt the procedure to the developmental stage of the child, the experimenter, the mother, and the infant sat at the same table, and the infant could manipulate the bottle him/herself under the strict supervision of the experimenter. To increase compliance, the mother was asked to mimic drinking from a bottle (according to the same timed sequence) that contained water. During the 45-s presentation of a bottle, in case of rejection, the bottle was reoffered 3 more times by the experimenter before continuing with the experimental procedure. The mother, the infant, and the experimenter could have verbal exchanges, but attention was always redirected to the infant and the tasting game.
The primary tastes were presented in a balanced order over the 2 sessions. However, because of the potential coating phenomenon in the mouth, the fat emulsion was always assessed after the primary tastes. Additionally, the evaluation of the fat emulsion acceptance started later in the research program; therefore, fewer data are available.
In total, 4 experimenters conducted all the test sessions, but, at each age, the same experimenter conducted the 2 sessions for 1 child. Each bottle contained 30 mL at 3 and 6 months old and 50 mL at 12 and 20 months old, except for urea (15 mL) according to its "Estimated Dose of Low Concern" (http://www.inchem.org/ documents/sids/sids/57136.pdf). The bottles were weighed before/ after ingestion to the nearest 0.1 g (Sartorius U3600S; Sartorius AG, Göttingen, Germany). For each bottle, the experimenter, who was blind to the tastant, evaluated the infant's liking of the stimulus through the infant's global behavior by using a 5-point scale with the following specifications: 1 = "strong rejection"; 2 = "slight rejection"; 3 = "neutral reaction"; 4 = "slight acceptance"; and 5 = "strong acceptance." The instruction for the experimenters was to consider the infant's global behavior, including his/her facial expressions. For example, if the infant spitted out, frowned, pushed the bottle away, and stopped drinking, the experimenter marked 1 = "strong rejection," whereas if the infant smiled, displayed a relaxed face, grabbed the bottle and drank, the experimenter marked 5 = "strong acceptance."
Infant and maternal characteristics
Infant and maternal characteristics were collected through questionnaires that were completed by the mothers and experimenters in face-to-face interviews during the last trimester of pregnancy and soon after delivery.
Statistical analyses

Definition of the taste acceptance variables
The analysis was restricted to the infants who consumed at least 1.0 g from at least 1 bottle of water and 1 bottle of tastant. In the analysis, following a precautionary principle, the data corresponding to the first 5 infants who were tested by each experimenter were not considered (20 sessions in total-3% of the entire data set). For each measured variable, an ingestion ratio (IR), which was based on the consumed volumes, and a liking ratio (LR), which was based on the experimenters' judgment of the infant's liking, were calculated (Table 2 ) to represent the acceptance of the stimulus solution relative to water. By definition, each ratio may vary between 0 and 1; a ratio of 0.5 indicates indifference to the stimulus solution relative to water. A ratio > 0.5 indicates preference for the stimulus relative to water. A ratio < 0.5 indicates rejection of the stimulus relative to water. Furthermore, the "taste differential reactivity" at each age was defined as the within-subject variability of the IR across primary tastes and was calculated as the standard deviation of the different IRs (Schwartz et al. 2009b; Monnery-Patris et al. 2015) . When the "taste differential reactivity score" was higher, the greater the difference in reaction of the infant to the tastes. This last analysis was restricted to children for whom at least 3 IRs out of 5 were obtained. Analysis was restricted to infants who consumed at least 1.0 g from at least 2 bottles (1 of water and 1 of tastant/fat emulsion). Experimenter's judgment of infant's liking evaluated with a 5-point scale.
Calculated analyses
All statistical analyses were conducted by using R version 3.1.1., with a significance criterion set at P < 0.05. To model the developmental trajectories of the infants' acceptance of primary tastes at the ages of 3, 6, 12, and 20 months old, the data from the IR and LR (for each ratio separately) were analyzed with a mixed model by using the NLME R statistical package (Pinheiro et al. 2014) . For each ratio, the model included a fixed part (which described systematic fluctuations of the ratio) and a random part (which accounted for individual deviations from the average). In the fixed part of the model, the age effect, taste effect, and the age by taste interaction were considered. The experimenter factor and its interaction with the age effects for the LR model (which are not reported further) were also considered. The age effect was a quadratic age effect (an orthogonal polynomial of order 2).
The random parameters (which reflected individual differences with the average) included the individual constant terms, the individual slopes, and the individual curvatures. These parameters were considered randomly and normally distributed around the average. The individual constant terms were assumed to be the sum of an overall constant term and a taste-specific constant term. The overall constant term reflects the acceptance compared with water for a tasty solution, whatever the taste, whereas the taste-specific constant term accounts for the heterogeneity of the acceptances across tastes. The taste-specific constant terms were assumed to have the same variance for all tastes. The individual random slopes and curvatures were assumed to be the same across tastes, which reflected a tendency for an individual to show more or less rapid developmental trajectories, with the same difference compared with the average, for all tastes. Null correlations were assumed between the overall random constant term, the tastespecific random constant terms, and the slopes and curvatures. The random age effect was introduced as an orthogonal polynomial of order 2. Thus, the covariance matrices that were used to define the random part were all diagonal matrices, including a 1 × 1 identity matrix for the constant term, a 5 × 5 (5 tastes) identity matrix for the taste-specific constant terms and a 2 × 2 (1 slope, 1 curvature) diagonal matrix for the slopes and curvatures. The specification of the random part reflects the possibility that the individuals have developmental trajectories that differ from the average taste-specific trajectories.
The parallelism of developmental trajectories was evaluated as follows. A second model was derived from the previous model by constraining the fixed slopes and curvatures to be equal across tastes, and the 2 nested models were compared using a likelihood ratio test.
For each age, each taste and each ratio, a 95% confidence interval that was based on the calculated model was presented graphically to enable a visual comparison with the indifference level (0.5). The analyses were first conducted for the 5 primary tastes and were then conducted for the fat emulsion separately and are similarly reported. However, the results for all tastes and the fat emulsion are reported on the same graph.
To evaluate the congruency between the conclusions that were based on IR and LR for the 5 primary tastes, a mixed model that included all IR and LR data was estimated. The method effect (factor with 2 levels: IR and LR) and all interactions with age were evaluated.
Then, regarding IR and its evolution with age, the potential links with several maternal and infant characteristics were investigated one-by-one. The maternal characteristics were as follows: age, prepregnancy BMI (based on self-reported measurements of weight and height), primiparity (yes/no), education level (> or < A level), development of gestational diabetes mellitus (yes/no) (for sweetness only), experience of frequent vomiting during pregnancy (yes/no) (for salty taste only), and application of caesarean section (yes/no). The infant characteristics that were considered were as follows: sex, gestational age, z score for birth weight for gestational age or zWforA (Olsen et al. 2010) , and z score for birth length for gestational age or zLforA (Olsen et al. 2010) . The factor that resulted from a median split was used for mother's age (median 30.05 years old), mother's prepregnancy BMI (median 21.46 kg/m 2 ), gestational age (median 35.68 weeks), zWforA (median −0.18), and zLforA (median −0.13). The principal effects and interactions with the age effects were considered. For clarity, only the significant effects are reported in the present manuscript. These models were first estimated for the 5 primary tastes and then for the fat emulsion alone.
Moreover, an ANOVA was performed to assess whether the infants' taste differential reactivity evolved during the first 2 years of life on average (model: taste differential reactivity = age + error). A Student-Newman-Keuls test was calculated to compare the values across ages. Finally, the models were estimated to evaluate the potential links between infants' taste differential reactivity and the listed above maternal (7 variables) and infant characteristics (4 variables).
Results
Subjects
At each age, some infants did not participate because, for example, they felt unwell, and some did not comply with the experimental procedure. For some tastes, not all individual data could be considered because some infants did not complete the concerned sequence or did not meet the ingestion criteria. The numbers of participating infants were 188 at 3 months old, 236 at 6 months old, 248 at 12 months old, and 216 at 20 months old. These data related to the infants and maternal characteristics are detailed in Tables 3 and 4 .
Developmental trajectories of infants' acceptance of primary tastes: IR and LR
Regarding the IR and LR data, although several data points were missing because several infants did not complete the sequence or did not meet the ingestion criteria, at least 152 observations were available for 1 primary taste at 1 age (Table 5) . The raw data, which are reported as ingested volumes, are presented in Figure 1 .
The means of the IR and LR for each taste across ages are summarized in Table 5 . Based on the mixed models, the predicted developmental trajectories of infants' acceptance of primary tastes from 3 to 20 months old for the 2 considered ratios (IR and LR) are shown in Figure 2 .
The IR data (Figure 2a ) showed that at 3 months old, sweetness was significantly preferred over water, whereas the infants were indifferent to other tastes. At 6 months old, sweetness, saltiness, and umami taste were significantly preferred over water, whereas the infants were indifferent to bitterness and sourness. At 12 months old, sweetness and saltiness were significantly preferred over water, whereas the infants were indifferent to other primary tastes. The differences in acceptance among tastes were the largest at 12 months old. Finally, at 20 months old, all tastes but sweetness were significantly rejected over water. Regarding the model with the IR, the quadratic age effect (F(2, 3347) = 58.31, P < 0.0001), the taste effect (F(4, 3347) = 47.44, P < 0.0001), and the interaction between both of these variables (F(8, 3347) = 9.86, P < 0.0001) were all significant. The acceptance trajectories between the age of 3 and 20 months for sweet, sour, and umami tastes were parallel (P = 0.29). For saltiness, acceptance evolved most sharply between 3 and 12 months old (at 12 months old, there was no difference with the acceptance of the sweet taste) and then decreased. Between 12 and 20 months old, the acceptance of all tastes but bitterness decreased. The acceptance of bitterness was stable between 3 and 20 months old.
The predicted LR (Figure 2b ) showed that at 3 months old, sweetness was significantly preferred over water, whereas the infants significantly rejected sourness and bitterness over water and were indifferent to saltiness and the umami taste. At 6 months old, sweetness and saltiness were significantly preferred over water, whereas the infants significantly rejected sourness and bitterness over water and were indifferent to the umami taste. At 12 months old, sweetness and saltiness were significantly preferred over water, whereas the infants significantly rejected sourness, bitterness, and the umami taste over water. Finally, at 20 months old, all tastes were significantly rejected over water. Regarding the model with the LR, the quadratic age effect was significant (F(2, 3322) = 67.41; P < 0.0001), the taste effect was significant (F(4, 3322) = 117.07; P < 0.0001), and the age × taste interaction was significant (F(8, 3322) = 8.51; P < 0.0001).
The patterns of the developmental trajectories of the LR and IR were very similar. In this regard, the acceptance trajectories between the ages of 3 and 20 months old for the sweet, sour, and umami tastes were nearly parallel (P = 0.05). The acceptance trajectory for bitterness was stable between 3 and 20 months old.
Whatever the considered ratio (IR or LR), the correlations between 2 consecutive ages were weak (data not shown), which suggests that the differences in individual acceptance trajectories may be important.
Developmental trajectory of infants' acceptance of the fat emulsion
For the fat emulsion, fewer data were available given that the evaluation of the fat emulsion acceptance started later in the research program (see Table 5 ). However, at least 32 observations were gathered at each age.
The acceptance of the fat emulsion decreased with age over the first 2 years with whatever ratio considered (Figure 2 ). The analysis of the IR revealed that the fat emulsion was significantly rejected over water from 12 months old onwards. Regarding the model with the IR, the quadratic age effect was not significant, but the linear age effect was significant, with a decrease of acceptance (t 111 = −2.28; P = 0.0245). The analysis of the LR showed that at each age, the fat emulsion was significantly rejected over water. Regarding the model with the LR, the quadratic age effect was not significant, but the linear age effect was significant (t 109 = −2.99; P = 0.004).
Comparison of the IR and LR to model the developmental trajectories of infants' acceptance of primary tastes
The model that included the IR and LR data together showed a significant method × age × taste interaction (F(8, 6996) = 2.47; P = 0.0115). Thus, a model per taste was estimated, and it showed a significant method effect for all tastes (all P < 0.0001) and significant method × age interactions for saltiness (F(2, 1208) = 8.245; P < 0.001), sourness (F(2, 1185) = 9.32; P < 0.001), and sweetness (F(2, 1207) = 3.64; P = 0.0266). Actually, the curvatures were significantly more flattened over the period with the LR method than with the IR method for sweetness (t 1207 = 2.57; P = 0.01), saltiness (t 1208 = 3.64; P = 0.0003), and sourness (t 1185 = 3.26; P = 0.0011). Moreover, the decrease in acceptance that was reported for sourness was higher for the IR (t 1185 = 2.83; P = 0.005) than for the LR data. Although the conclusions that were based on the IR and LR were similar, the IR scores were higher than the LR scores, and the IR data enabled better discrimination than the LR data of the developmental trajectories of the infants' acceptance among the primary tastes from 3 to 20 months old.
Links between the IR for the primary tastes and infant and maternal characteristics
Interindividual differences were observed for all tastes at all tested ages. The developmental trajectories of the IR were significantly different for girls and boys ( Figure 3a for girls and Figure 3b for boys). Specifically, the age × sex interaction (F(2, 3333) = 3.26; P = 0.0385), the age × taste interaction (F(8, 3333) = 10.06; P < 0.0001), and the sex × age × taste interaction (F(8, 3333) = 3.79; P = 0.0002) were all significant. The decrease in taste acceptance that was observed at the group level after 12 months old (Figure 2 ) began earlier in girls than in boys (Figure 3a and b) . A further analysis that was performed by taste showed that sex effects were significant for the salty and umami tastes only. Both the linear (F(1, 467) = 5.390; P = 0.0207) (estimated parameter: t 467 = 2.38; P = 0.017) and quadratic (F(1, 467) = 5.337; P = 0.0213) (estimated parameter: t 467 = 2.31; P = 0.021) age effects were sex specific regarding the salty taste, whereas only the linear age effect was sex specific regarding the umami taste (F(1,438) = 7.259; P = 0.0073) (estimated parameter: t 438 = 2.74; P = 0.006). A complementary analysis showed that these sex effects were no longer significant after removing the data for 20 months old for both the salty and umami tastes (data not shown). The acceptance of the umami and salty tastes was higher in boys than in girls at 20 months old.
No links among the IR-measured taste acceptance developmental trajectories, gestational age, zWforA, and zLforA were observed.
Among the tested maternal characteristics (gestational diabetes mellitus, experience of frequent vomiting during pregnancy, caesarean section, prepregnancy BMI, age, parity status, and education), 2 factors had a significant impact on the IR trajectories, namely, ) experimenter's judgment of the infant's LR for primary taste solutions and a fat emulsion at the ages of 3, 6, 12, and 20 months old. Dots (full if significantly different from 0.5) and vertical segments are predicted values and 95% confidence intervals obtained from a mixed model with age as a factor; lines represent predicted values from a mixed model with a quadratic age effect. The results for all tastes and the fat emulsion are reported on the same graph but fat model was estimated in a separate mixed model. caesarean section and prepregnancy BMI. Regarding caesarean section, the results showed a significant effect for the caesarean section × age interaction (F(2,3120) = 3.75; P = 0.0236), whereas the caesarean section × age × taste interaction was not significant. In the case of caesarean section, which had a prevalence of 18%, the curvatures were more negative. Further analysis by taste showed that the caesarean section × age interactions were significant for sweetness (F(2,429) = 3.97; P = 0.0196) and sourness (F(2,432) = 4.53; P = 0.0113). Thus, the curvatures were more pronounced in the infants who were born through caesarean section than in the infants who were born vaginally. Even when the model was adjusted for gestational age, the impact of caesarean section remained significant (data not shown).
Regarding maternal prepregnancy BMI, the results of the IR trajectories showed a significant age × BMI × taste interaction (F(8, 3103) = 2.36; P = 0.0159), but because the BMI × taste interaction (F(4, 3103) = 1.108; P = 0.3509) was not significant, the analysis was not further detailed.
Links between the IR and infant and maternal characteristics for the fat emulsion
In contrast to the observations for the primary tastes, sex did not have a significant effect on the developmental trajectory of the infants' acceptance (IR) of the fat emulsion. However, weight and length at birth did have a significant effect. The effect of zWforA was significant (F(1, 121) = 15.72; P = 0.0001); specifically, the infants with a zWforA that was higher than the median had a higher acceptance of the fat emulsion. The impact of zLforA was similarly significant (F(1, 121) = 10.72; P = 0.0014). The infants who were born heavier or taller than the other infants displayed a higher acceptance of the fat emulsion.
Among the tested maternal characteristics, such as gestational diabetes mellitus, caesarean section, age, and education, no significant links with the developmental trajectory of the infants' acceptance of the fat emulsion were highlighted. Whether the mother experienced frequent vomiting during pregnancy had a significant effect as shown by the significant vomiting × age interaction (F(2, 102) = 3.56; P = 0.0321). For the infants whose mothers experienced frequent vomiting compared with the other infants, acceptance of the fat emulsion decreased in a more pronounced manner. Finally, the primiparity status had a significant effect (F(1, 121) = 5.48; P = 0.0209): acceptance of the fat emulsion was higher in the firstborn infants. However, the primiparity status × age interaction was not significant. The maternal prepregnancy BMI effect (F(1, 121) = 5.50; P = 0.0206) and the age × prepregnancy BMI interaction (F(2, 102) = 18.05; P < 0.0001) were both significant. The analyses showed that at 20 months old, the infants from mothers with a higher prepregnancy BMI displayed higher acceptance of the fat emulsion than the infants from mothers with a lower prepregnancy BMI.
Taste differential reactivity
The infants displayed a significantly increasing differential reactivity across the primary tastes over the first 2 years (F(1,743) = 178.6; P < 0.0001), as shown in Figure 4 . None of the links between differential taste reactivity and the individual characteristics was significant.
Discussion
The present study is a significant step toward a description of the developmental trajectories of taste acceptance. The longitudinal design in this study enabled the evaluation of acceptance in a meaningful group of infants for primary tastes and a fat emulsion before the age of 2 years. In particular, for the first time, a developmental trajectory of the acceptance of a fat emulsion is described in infants.
On average, at 3 months old, sweetness was preferred over water, and at 6 months old, sweetness, saltiness, and the umami taste were preferred over water. At 12 months old, sweetness and saltiness were preferred over water, on average, whereas the fat emulsion was rejected over water. On average, at 20 months old, all tastes, including the fat emulsion, but not sweetness because the infants were indifferent to it, were rejected over water.
In terms of trajectories, the preference for saltiness emerged sharply between 3 and 6 months old, which confirms previous reports (Beauchamp et al. 1986 (Beauchamp et al. , 1994 Schwartz et al. 2009b ). The factors that underlie this phenomenon are not clear; however, maturation at the receptor level may be one of the underlying causes (Beauchamp et al. 1986 (Beauchamp et al. , 1994 . Another hypothesis that is linked to dietary factors can be considered to underlie this positive shift. Stein et al. (2012) observed a similar shift in 6-month-old infants, provided that they had already been exposed to starchy table foods, which have been reported to be an important source of sodium. On average, sweetness was always preferred over water, except at 20 months old, when this taste generated indifference. The painreducing properties of sugars may contribute to their positive acceptance at an early age (Stevens et al. 2004 ); so as their contribution to flavor-nutrient learning (Remy et al. 2014; Martin 2016) . The reported indifference to sweetness at 20 months old agrees with a recent report in 23-month-old infants with the same procedure (Barends 2015) . Based on IR data, this author reported that infants were on average indifferent to a 0.4 M (i.e., 136.92 g/L) sucrose solution, and they significantly rejected a 0.1 M (i.e., 5.844 g/L) NaCl solution. Because of the progression of the complementary feeding process, infants may have formed expectations concerning "real foods." A sweetened solution may not be perceived as usual anymore. In France, offering sweetened water is not a common practice, as reported by a recent national survey, and at 12 months old, only 5.8% of infants had been offered sweetened water (Salanave et al. 2016 ). This uncommonness may support the fact that sweetness is not attractive at 20 months. Between 12 and 20 months old, the acceptance of all tastes but bitterness decreased. The fat emulsion triggered indifference at 3 months old and was rejected at 12 months old, and its acceptance decreased at 20 months old. This observation does not favor the hypothesis of an inborn preference for fat, in contrast to the results that were observed for sweetness. Acceptance of a fat stimulus is more likely to be learned through dietary experiences and flavor-nutrient learnings (Birch 1992; Kern et al. 1993 ).
The postingestive properties of a fat stimulus (or a high-fat food) will reinforce the acceptance of its flavor (Birch 1992; Martin 2016; Nicklaus 2016 ). The evolution in acceptance was not uniform across tastes over the first 2 years; therefore, a general change in taste perception is unlikely. Differences in dietary experience and, in turn, exposure to different tastants more plausibly underlies the differential trajectories of acceptance according to tastes and to infants (each infant has different dietary experiences with different tastes) (Nehring et al. 2015) . Over the first year, a study of the average exposure to primary tastes through the meticulous evaluation of the taste of the diet of 76 infants (from a subsample of the OPALINE birth cohort) showed that infants are exposed to foods that bear low or relatively moderate taste intensities (Schwartz et al. 2010) . The milk-feeding period is characterized by an exposure to sweetness due to the milk taste profile, which is mainly sweet. After the milk-feeding period, along with the complementary feeding transition, infants are exposed to a higher level of sweetness and to a sharp rise in sourness that did not reach the exposure level of sweetness. The rise in exposure to saltiness and the umami taste is more modest, whereas the exposure to bitterness increases very slightly (Schwartz et al. 2010) . By focusing on exposure to sweetness and fattiness and their associated factors, we also described within the birth cohort OPALINE that boys were more exposed to sweetness between 10 and 12 months than girls, and boys were also more exposed to the fat sensation than girls between 3-6 and 10-12 months (Yuan, Lange, et al. 2016) . The modest exposure to bitterness (Schwartz et al. 2010 ) combined with the fact that urea is the only taste compound that is used in the present study that is not present in foods that are offered to infants may support the flat curve that was observed for bitterness. The moderated rejection of urea could be because infants have already encountered urea in utero.
Considering the ingestive data (IR), a positive acceptance of (or even indifference to) primary tastes over the first year could facilitate the establishment of food preferences, while solid foods are introduced during complementary feeding (Schwartz, Chabanet, et al. 2011 ). This process could have an adaptive value and enable the successful introduction of a wide range of foods that bear different tastes at the start of complementary feeding while feeding is under the supervision of a caretaker (Doty and Shah 2008) . Later, beyond 1 year of age, the shift in taste acceptance (in aqueous solutions) occurs contemporaneously to the development of walking and selfeating capabilities, and the reduction of food variety that appears between the ages of 24 and 42 months (Skinner et al. 1999; Nicklaus et al. 2005 ) as a result of the emergence of neophobia (Dovey et al. 2008 ) and pickiness (Carruth et al. 2004; Taylor et al. 2015) . Thus, it may underlie a biological safeguard function to prevent the ingestion of noxious foods while the infant becomes more autonomous. Alternatively, this general negative shift in acceptance could reflect that as the complementary feeding process progresses and as infants may have formed expectations regarding "real foods," tastants in water could then be perceived as unfamiliar and, in turn, may have generated neophobic reactions.
The acceptance of saltiness and the umami taste was lower in girls than in boys at the age of 20 months. In older children (7-19 years), girls liked less salty solutions and gave higher intensity scores for low concentrated salty solutions than boys (Monneuse et al. 2011 ). This observation supports our results in 20-month-old infants. Sex-based differences in dietary experiences that cause differential exposure to tastes may partially support the observed sex-based differences in the acceptance of saltiness and the umami taste. Feeding practices at complementary feedings might be different for boys and girls. Determining whether the observed sex-based difference in the acceptance of saltiness and the umami taste is linked to differential exposure between girls and boys to salty-and umami-tasting foods over the first 2 years would be of great interest.
Factors other than dietary factors were emphasized to support the interindividual variations in bitterness acceptance within the OPALINE program, for example, salivary protein composition (Morzel et al. 2014) . A higher abundance of a secretory component, zinc-α-2-glycoprotein and carbonic anhydrase 6 in the saliva protein profile was associated with a lower bitterness acceptance, whereas a higher abundance of lactoperoxidase, prolactin-inducible protein, and S-type cystatins was associated with a higher bitterness acceptance at 3 months of age (Morzel et al. 2014) . Few studies are available regarding the impact of the factors that are linked to intrauterine life and/or birth mode on taste acceptance development. Regarding the link between maternal vomiting during pregnancy and salty taste acceptance in their offspring, Crystal and Bernstein (1998) reported a positive link between maternal vomiting during pregnancy and salty taste acceptance (measured by intake and infant's oral motor responses) in 16-week-old infants, whereas we did not observe any significant link. Methodological differences may account for this variance because Crystal and Bernstein used a higher concentration of NaCl (0.1 and 0.2 M NaCl solutions) than we did (0.085 M). In addition, they defined that "moderate to severe vomiting ranged from once every other day for at least 1 week to two and three times a day for 3 weeks," whereas the upper anchor in our question corresponded to "at least once per week," which is less severe.
Here, the results indicate that in the infants who were born through a caesarean section, acceptance trajectories were more contrasted over time for sweetness and sourness than in vaginally delivered infants. This observation is not easy to explain. The mode of delivery is associated with different physiological events. The labor and the compression of an infant's head when passing through the pelvis trigger a hormonal cascade (i.e., catecholamine release) that enables a successful transition to the extrauterine conditions. It has been shown that the events that were linked to a vaginal birth facilitate the establishment of efficient sucking responses to maternal cues in rat pups (Alberts and Ronca 2012) . In humans, more efficient olfactory learning was reported just after birth in neonates who were born with labor (Varendi et al. 2002) . In addition to the physiological consequences, the mode of delivery may also be associated with different parenting practices, in particular, feeding practices. For example, the German birth cohort LISAplus shows that mothers who gave birth by caesarean differ in many aspects from mothers who gave birth vaginally (i.e., in terms of prepregnancy BMI and mean gestational weight gain); mothers who gave birth by caesarean also feed their infant differently because they exclusively breastfeed for a shorter duration (Pei et al. 2014 ). Moreover, a recent large prospective American study showed a 15% increase in the risk of obesity in offspring with a caesarean birth, with the major confounding factors being adjusted (Yuan, Gaskins, et al. 2016) .
Regarding the links between corpulence and taste acceptance, a previous study showed that intrauterine growth restriction could program a lower positive reaction (as measured by the frequency of tongue protrusion) to sweetness at birth in preterm neonates (Ayres et al. 2012) . However, another recent study showed that facial reactivity to tastes (sucrose 0.3 M, citric acid 0.5 M, quinine sulfate 0.00007 M) was not different in small-for-age infants and in control infants (Rotstein et al. 2015) . Some authors have reported a link between birth weight and salty taste acceptance, whereas we did not (Zinner et al. 2002; Stein et al. 2006) . Zinner et al. (2002) reported a positive link between salty taste acceptance and birth weight in neonates. Stein et al. (2006) observed a negative link at 2 months old, but this link was no longer significant at 6 months old. The negative relationship that was observed by Stein et al. (2006) between salty taste acceptance and birth weight may no longer be true by the age of 3 months, which corresponds to the moment of our first measurement. Moreover, methodological differences among Stein's work, Zinner's work, and our work may support the fact that we did not observe any link between birth weight (measured by zWforA in the present study) and salty taste acceptance. We showed that infants who were born heavier or taller displayed a higher acceptance of the fat emulsion at all ages. The underlying mechanisms for this observation are not known and require further research.
Studying the relationships between taste acceptance and maternal characteristics highlighted that acceptance of the fat emulsion was higher in first-born infants than in infants born second or later; acceptance of the fat emulsion was also higher in infants when the mother experienced frequent vomiting during pregnancy. Additionally, infants who were born from mothers with a higher prepregnancy BMI displayed higher acceptance of the fat emulsion at the age of 20 months. The mechanism that underlies these relations remains elusive. Regarding the link between fat acceptance and maternal prepregnancy BMI, mothers with different BMIs may differ in the way that they feed their infant (Kitsantas et al. 2016 ), which may lead to different dietary experiences; however, these relationships are not always consistent (Rametta et al. 2015) .
This study must be viewed considering its strengths and limitations. Taste sensations constitute a continuum of sensations (Faurion 1993) . However, for practical reasons, one molecule has been chosen to represent each prototypical primary taste, which may be questionable particularly for bitterness given the large number of TAS2 receptors involved in the bitterness perception (Meyerhof et al. 2011; Roudnitzky et al. 2015; Roura et al. 2015) . Regarding the fat emulsion, Running et al. (2015) showed that short chain fatty acids bear a sour note, whereas medium chain fatty acids produce irritancy. In the present experiment, we cannot exclude the possibility that despite the care that was taken to prepare the fat emulsion, several off-flavors due to the oxidation of the free fatty acids (similar to rancid notes) were also part of the fat emulsion perception and that these off-flavors may be involved in the observed rejection. Odors of shrimp, butyric acid, and rotten eggs are disliked by neonates as revealed by the analysis of their facial expression (Steiner 1979; Soussignan and Schaal 1996) . This dislike could serve as an adaptive behavior because these odors are representative of food deterioration (Köster and Mojet 2007) . However, using a nose clip to isolate taste perceptions from olfactory perceptions in infants is excluded.
Nevertheless, one of the strengths of this work lies in the choice of taste stimuli with moderate intensities because it avoids the stereotypical reactions that have often been reported; using moderate taste stimuli is "ecologically" valid. Another strength lies in the choice to evaluate acceptance through ingestive data (IR) and the experimenter's judgment of the infant's liking (LR). It is relevant to base conclusions on both IR and LR data. Although based partly on the same experiment with observations of infants' ingestive behavior, IR and LR are not identical, and they are not fully redundant. LR data can capture some information that relates to, among other things, facial expressions. Contrasting both data sets revealed subtle differences, whereas the main conclusions concerning taste acceptance trajectories remained identical. The patterns of trajectories that were based on ingestive behavior or the experimenter's judgment of the infant's liking were similar. However, ingestive data enabled better discrimination of the developmental trajectories across the primary tastes. Moreover, more rejections were reported based on the judgment of the experimenter of the infant's liking. IR and LR data are rather complementary and highlight that a grimace is not necessarily associated with reduced ingestion (which likely underlies some discrepancies that are found in the literature on taste acceptance). Adding a bitter-or a sour-tasting compound to water did not strongly modify ingestion but generated rejection behaviors, which has importance to parents and caretakers as a clue to decode their infant's reactions. In a subgroup of ten, 6-month-old infants, facial expressions were analyzed with the Baby FACS (Facial Action Coding System for Infants and Young Children) method (Oster H, unpublished data, 2006) for sourness and bitterness, that is, the 2 tastes for which the discrepancy between the conclusions that are based on the IR and LR was maximized (Schwartz et al. 2009a) . Regression analyses were calculated to assess how intake and facial cues contribute to the experimenter's judgment of the infant's liking. For sourness, the experimenter's judgment of rejection was driven by facial cues, whereas for bitterness, it was driven by variations in ingestion. Furthermore, 6-month-old infants seem to be able to carry behaviors of different hedonic tones in response to bitterness and sourness, reflecting 2 types of distaste. Intake, sucking patterns and facial expressions may differ and reflect different underlying processes.
Regarding the adequacy of the methodology at all tested ages, the patterns of gross ingested volumes were clearly different depending on the taste; this result suggests that ingested volumes do not simply reflect a lower ability of infants to control ingested volumes. Moreover, the shift in taste acceptance at 20 months of age is unlikely to reflect a less adapted paradigm in 20-month-old infants given that sweetness was not significantly rejected and that acceptance of bitterness had not decreased by this age. Similar conclusions for saltiness and sweetness were also depicted by another researcher in 23-month-old infants with the same method (Barends 2015) . However, 20-month-old infants may have considered the primary taste solutions as novel "drinks" based on their everyday experience of what water should taste like, which may have generated neophobic reactions. Finally, for the first time, the large sample enabled the evaluation of the potential relationships among several infant and/ or maternal characteristics, although several of these factors were self-reported (e.g., maternal weight and height for the evaluation of the prepregnancy maternal BMI). As a robust description of the taste acceptance trajectories in infancy (including fat emulsion), this study constitutes an important breakthrough to describe how taste acceptance develops in early years. Understanding the role of environmental factors-including diet and feeding practices-on taste acceptance in infancy is the next step toward the comprehension of the development of taste preferences and eating behavior in infancy.
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